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CHARTER I 


- IS PROBLEM AMD its 3r.NlTOAMi 
IKROEUCTM 

It is difficult, if not impossible, for a parson 
to state the work of Jean Piaget in few »rds. The biographical 

. aSpeCt ° f Prof ' rean p i a get, perhaps help us to understand his 
ingenious »rk in the field of Education, particularly speaking 
in the growth of Intellectual mind during adolescent period. 

Piaget was born on August 9,1896 in Keuchatel, a french 
speaking university tom to Switzerland. Right, from his 
early days he was very studious. Interestingly enough, he 
wrote his first scientific paper at the a g9 of ten for which 
he'Mas offered the post of a curator at the local Natural 
History Museum. Piaget was not psychologist in the sense that 
He obtained his MSte*degre. in the subject of Zoology and 
doctrol degree at the age of 22 on 11 Moiiusks of Valias 11 




Posses sing a creative mind, Piaget applied his all Zoological 
and Philosophical knowledge in understanding the intellectual 
growth of child during adolescence..He deeply engrossed himself 
with pupil questions and errors which provided him with missed 
insights into intellectual development. 

About his work, Piaget has said as follows - 
" I am a Naturalist and biologist by training interested 
in epistemological problems without ever having undertaken 
formal study ( nor passed any examination!) in psychology, 

.my most central concern has always been to determine the 
contributions of the person's activities and the limiting 
aspects of the object in the process of acquiring knowledge. 
Fundamentally, it was the wish to resolve this problem using 
the experimental approach that brought me into the field of 
developmental psychology. But it follows logically since this 
point of view is not often held by psychologists in general 
and even less by child psychologists that those who read my 
work find themselves confused " 

looking from different angles of thought, Piaget 
seems soraex^hat like a seven colour of Vibgyor ,inspite of one 
Piaget. Like the Nature of waves, it takes time to understand 
Piaget. Any how, it is sure that a dip in the 'Ganges' of 
Piaget does affect one's outlook on Educational Problems.The work 
of Piaget can be co-reiated with Educational field as the 
symbiotic relationships between Pea and Nitromonas Bacteria. 

In the whole Ecosystem balance is^mst. The work of Piaget now 
a days given much emphasis and we cannot separate his work 
from the Educational field. 
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he valuable gift given by Jean Piaget to human 

form of his beautiful Books, can be summarised as follows 


1® I he Language of Thought of Child 
2o Judgement and Reasoning in the Child 
3 ' Wo?ie hlld ' s ^"caption of the Physical 


4® The Moral Judgement of the Child 
5 * The °i ,i gin of Intelligence in Children 
6• The Construction of Reality in the Child 
7® The Child's Conception of Numbers 

8 ‘ nuairtitiea 3 Constructlon of Physical 

9. Play,Dreams and Imitations in Childhood 

10* The Child's Conception of time 

11® The Child's Conception of Movement 
and Speed 


12# The Child's Conception of Space 

13. The Psychology of Intelligence 

14. Play,Dreams and Imitation in Childhood 

15. The Origin of Intelligence in Children 

16. L<igi c and Psychology 

17® The Construction of Reality in the Child 
18. The strategy of Genes 


19 ■ Thinking from 

Childhood to Adolescence 


20. The Child's Co nca ptj[on of Geometry 


3523 

1924 

1926 

1932 

1936 

1937 

1941 

1942 

1945 

1946 

1946 

1948 

1950 

1951 

1952 

1953 

1954 

1957 

1958 
I960 




21„ Th a Early Growth of Lo g l c in th e Child 
22o Mental Imagery in the Child 

23. The Mechanisms of Perception 

24. The Psychology of the Child 

2S ‘ of i t“e e chuf U0atlOn am ' the Psychology 

26. Genetic Epistemology 

27 . Biology and Knowledge 

28 * Insl S hts a nd Illusions of Philosophy 

29. Psychology and Epistemology Structurally 

30. Understanding and Causality 

31 ' Children 111 ° f thS ldea ° f Whence in 
32. The Grasp of Consciousness 


1964 
19 6€ 
19 © 
3369 

19© 
19 70 
39 71 
19 71 
19 71 
19 74 

39 75 
19 76 


It is apparent from his »rk that Piaget did lot of work 

life time. Hi s work is yet to be evaluated. There are 

sjeraa reasons why his W rk is being considered of everlasting 
importance. To quote Vaid ya - 

<W " NatUra deSlreS that ChildMn should remain children 
before they are men ", echoed Rousseau.Piaget ma3e thls 

a r distinction scientifically, using Methods Cliniq Ue 

^ying thereby, that child is not a little adult. 

(ID He provided the psychological theory of operations which 

developes in stages. O^erationc 9 « a 

s perax 10 ns are actions which are 

internalized and reversible. They can be thus distinguished 

from simple action or goal directed behaviour. 
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—a is constant lnteracMon bet ^ h8 ^ 

6nVir0ment ° ut ° f ’**«> develop Intellectual 

struct OT0s eequentiaiiy. IhougW a „ oras 

actions, and even with it^i-p + u , 

tself m the inseparable 

functioning of organization ana adaptation. 

<iV> " qU311y Profi ° i9nt 2 °°^> ***> and epistemology } 

: PTOVided ri0h having v el y deep meaning!: 

adaptation, centration, conflict equilibration, 

isomorphism, IVffiO Group, Operation, reversibility 

ana Scheme of thought etc., 

a hiought out clearly the limitations of associationism 
structuralism, functionalism, behaviourism, and 
gestalt ism. He developed experimental epistemology, 
so he did not favour acceleration of thought. 

I n the growth of Lo e i oa i T h-? 

s cal T linking from Early childhood 

ate Adol0scen °9, he propounded an open research 

frontier which is yet to be verified as well as tested. 

<vii) H ls theory does not generate sharp hypotheses which can 

be tested easily by psychometry. The factorial interpre¬ 
tation of his work is just co„i ng up . 

It is precisely for this reason, that his Wrk has evoked 
Sharp admiration as well as criticism. He has been described 
oy the critics as follows - 


C vi) 
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■' Discoverer o r an unsuspected dimension of truth 

(Isaac Nathan) * ^ " 

ten) > Bering at developing the theoretic! 

a! P e I' 10 T “I MS (HUnt) 5 Z ° 0l ^ ist ^ training, 

P• -t*.legist by vocation and lo g lc lan by B9thod 

T ' “ »...... 

„ *» ““«»»»« , 

ooI outizqp (J .Plaveli) ; carahi* ^ r, 

child fnn • hypothesizing on producing 

wing any system of l0glc . , sort 

tulle eye hitter (H.Vaidya, having , Soant regard ftp 

tatistica, Standerized tests and procedures' with 

thro* in (E ri 0 Wer) P ^ Vlth spe ™°» 

in Geneva ^ 

A fundamental Idea that underlies all of Piaget's 
»rE and consequently is the hey to understanding his theo^ 

stru t ° f ” Mtal *"**«■• Basically, fflental 

° ^ ^ hyf °thosi Z ed mental blue prints » that guides 
the organisms behaviour In th 

, . Ur * In the COurse of intellectual 

V6 opment from infancy to adulttood> these 

are constructed and reconstructed within the hr 1 " 

„„ . tnin brain and this 

construction of mental o+*. + 

mental structure l s viewed by Piaget as the 

fundamental process In intone tie ^ 

intellectual development. 

interwT° lntella ° tUal PTO8reSS ° f tha ^olescent is l rttaataly 

be Vm hlS reCeptl '' e an<1 pi ' oduotl ™ powers of La nguage 
he it concerned with his vocabula™ his ? * ’ 

or his logins-, t pabulary, has eom aana of structure 

symbol! " R>r thlS r9aSOn ’ lan ^ a « other 

He systems, as i n Mathematics and logic, ara involved ^ 




Wghep tad thinking. Also, estimates of his internal 
prognass are probably bast measured through tha 

of th A 00n ° ePt Wl11 n0t ^ a ° qalrei " th9 108lcal ° r S ani2a tion 

The t aT 1S B ° re C ° HPl0X thanthS P " PlIS 1081031 

teacher can reassign the logical structure „ an ^ ■ 

concept or parts of a concept for a stnaent after the cognitive 
capa llities of the students has been determined. 

OTHER CORRELATED T,iOmr 

somatiaes, a partial idea is more important than the 
scientifically tested idea. Why 7 Because it raiseSmore 
problentgthan it solves. Something similar has happened to the 

mik ° f JSan Plag6t - Man y “PtaP® to several countries of 
TOrld tested his idea and came up with new insights into his 
“pit, either confirming or contradicting him. Some of the 
port ant publications which arose in vague of hls work within 
25 year„ or 30, are many. Examples are ; Children's 
Explanation of Natural Phenomena (Oaks N.E., 1947, .Experimental 
easonings of Adolescents (Inhelder Barbel,1955), Formal 
concrete Thought Processes (Keats J .A.,1955), Recent Studies 
m Britai n Based on the Work of Jean Piaget Clunser E«A.196o) 
he Pupil's Thinking (Peel E Wl .1960), T he Developmental 
Psychology of Jean Piaget (Flavell J .1963), Concept Growth 
and the Education of the Child (Wallace J.C.196S), Problem 
solving in Science (Vaidya N.1968) , The Flavian Journey 
from Moliusks through Moppets to Metaphor (Vai d ya S.3981), 

Piaget and Knowledge (Furth H.G.196B), The Developmental ’ 




theory of Piaget &WJlB . 

and tice Learning (C ollls ^ *"«■*»** 

Research (Mudgil s. et al.i9 74) T he E ’ “ ge *“ 

Rubber et Pla ! t p ^ **** (H ° Ward 

1977 ), Cognitive D v i Ps y«holog y (Gabber B.A.Edited 

gn Development in School Years (Fiord Ann 19 
he Psychology of Teaching for Thiding a M Creativity L ' 

^nton K. WW) , A Mathematical. Structures a " 

thought (Valdya >>J881) " **!«»* 


PlAGBTIAN TTTRnwv 


The work of Jean 4. 

Into the mental f n tl • " ’ Pr ° V;iCleS " S ' 3ful W 6 ht s 

worh th 7 ° f ChndM “‘ ** this valuable 

WOrk 9 the Name of Piap Q t in u- 

nsvcuoe . ’ hlSt ° ry ° f aevelopnental 

psychology will stand, like the u h 

ahonl , ’ 9 tha tod y ° f a Slant, head and 

shoulders atove all tha others. tti a w ork lq ’ „ 

mnc+- A fundamental th? 

3t papers Pnhlished in the field of child psv hoi 

to his view in some way or other Not h r9f6r 

nn . Note, however, that Pia K <yfc 

rmay not regard himself as an a vr, Q ,7 I g 

He Is more li kaly to 1ooI P ^alopmental psychologist 

narti , UP ° n hJ “ 33lP as the founder of a 

eulan branch of psychology, namely genetic epistemology. 

of "r teS d0SCribedth9 Ihtellsetual develop 

-L G n i-i-dlrQJl. 3.S Gi SQT’lfiC' n f* nm , 

senes of consecutive stages which * * 

T T" UPOn ea ° h ° th9r - Farth -, ha has linked 77’ 
" h to s W boli 0 loglc ( a lranoh of fflathematics j 

S “ ade Ms '*>** tery distinctive. 
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—SI AG KS OF .DfiVETiOPf/gATP 

velopment ° f ******* is a spontaneous process 
led to the whole pro ceSs 0 f Embryo genes is. E mb ryogenesi S 
concerns the development of the tody, but lt concerns as ^ 

he deve lopiBn t « the Nervous System and the development Qf 
-IT'- ^ thS ° aSe ° f th8 ^elopnent of ta0wla ^ 8 
w ” hll4Mn ’ S " br50eanssls “*■ °*7 *n adult hood, In other 

o/th’ 7 al0m ° nt ^ 3 Pr ° 0eSS WU ° h c0ncern3t he totality 
f tha statures of knowledge. 

A " Stage " in this development of intellectual 

behaviour may he defined as the totality of v u , 
in totality of behaviours similar 

function and in dependence +P 

penaenca on the environment. l n Piaget's 

anus, a stage is identified not by , uaatltative aeasm ^ 

” by qualitative characteristics. Piaget Cl9 5 5) , T a „„ 9r and 

Inhelder (iSse) have af-hetn^- a + ^ 

attempted to specify the critlrial aspects 

°f the stages. 

To explain all these developmental stages from ea riy 

child-hood to late adoXescant P-io»a+- j 

, iaget used the term "Operation" 

According to hin - An operation i« +h« a * ' ’ 

... P 13 the ess ence of knowledge ; 

is an interiorlzed action which modifies the object of 
knowledge. I„ other words, it is a set of actions modify 
»e °b 0 ect, and enabling the taower to get at the structures ' 

° the tranSf0n ” atl ° n - An aeration is never isolated. It ls 

always linked to other operation* 

operations, and as a result it i S 

always a part of a total structure. 
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flag* considerrthese operational 3t ruct u res as 

basis of knowledge anri a-? aS th 

, d dlstl mui 3 h four main at 

development. Their hr-i^ „ . 8 f 

' telef aummarl9s *« eiven as M1 ,„ . 

^TRoTTfame' oft he -“ jr— 

Stage 6 


~Haract'eriitics“'and abilit'fST 


1® Sensory Motor 0 -P 
Period 7 Yefrs 


Prom the Educational point of viaW) 
this stage is not much of Educational 
significance. However, this stage 
shows following characteristics. 

-Child is highly dependent upon 

his parents for satisfaction of h is 
Physical need* 

- Performs only overt activities. 

-He thinks least about his actions. 

-He appears to throw whole of 
himself i n physically the 
act ivity. 

' He is attracted by sound,toudh 
and other physical stimuli and 
hile crawling,he is on a Vo y aga 
°.f discovery* 

Plat Pictures do not attract his 
attention but if he ls glvan a 

he can stretch his hand to grasp it. 





S Jf 0 


Name of 
Stage 


Characteristics and Abilities 


2 . 


Pre-Opg rational 

st age 


Years 9 3SSS ^hings in his own frame 
°f references 


H e can think only on 9 idea at a time. 

- He uses language in a limited 

vay. Because he feels difficulty in 
expressing his thoughts. 

- He can carry on conversation with 
himself and in this he least cares 
whether other listen to him OP not. 

- H is social interest begins to widen 
and he tends to become l ess ani 
Pess self-centred. 

~ His thinking i s governed by the 
perceptual considerations of the 
situation. Hi a reasoning is then 
said to be transductive. 

3. Concrete 7 _n 

Pertodf Ml ' 3 thlnkln S ^ tied to the . 

concrete situations. He cannot 

react to " Abstract Situations » 

" He just b 0 g ln t0 attack Problem 
Systematically. 




3 .No. Name of the 
Stage 


Age Characteristics and Abilities 



At the same time, he cannot find 
Mathematical explanations for a 
given task. 

- He does not accept hypothetical data. 

- Reality dominates hi s thinking and 
the possibility i s subordinated to it. 

- His attention is no longer fixed on 
one dimension. (Process of decentering) 

- At the highest levels of abstract 
reasoning he tries to explain his 
enviornment. 

Formation of consistent classifications 
during development of concepts. 

- Ability to cope with the ordering 

of similar objects according to siz Q 
°r po s ition.{Process of seriation). 

- Conservation,irrespective of nutter, 
shape etc., i s crucial for reasoning 
at this stage. 
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S »N 0 . Hame of the Age Characteristics and Abilities 
Stage 


4 3* Formal 11-15 ~ His thinking is no longer tied to the 

Operational Years 

period concrete situations® He imagines and 

considers all sorts of facts, hypo theses 
and possibilities* 

- He develops the ability to reason 
by Hypotheses* 

- He goes even to the extent of finding 
empirical and mathematical proof for 
his observations® 

- He attempts problem-solving with 
abstract considerations of possible 
solutions* 

- He use logical analysis and 

, combinational experimentation 
during problem solving. 

- Thinking is at its highest level of 


stage along with Maturation, 
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In the preceeding pages the Piagetian Stages of 
development revealed that the process of thinking, start 
from simple to complex and concrete to abstract. But it 
may be added that children may not show these stages 
within the age-ranges specified above, because of differing 
home and school enviornments. But what Pia ge t insists 
is that the sequence of these stages in intellectual 
development remains the same for all children. It is a 
grand hypothesis which is yet to be tested. 

Piaget believes that there are four factors which 
explain the development from one set of structures to another, 
They are - Maturation, E Xp9 rien c e, Social-transmission and 
Equilibration, respectively# 

lastly, in his own life time he set up not only 
the Geneva school but also a new branch of knowledge called 

" Ex P° rl "“ Epistemology -; t h at is how a child forms 
and applies his ideas right from the moment of origin 
through childhood, adolescence, Adulthood and old age. 

Piaget has worked on children upto the age of 1 8 + or s0 . 
Before his death, he also advanced the fifth stage of 

mental development, which is link to individual commitment 
to carreers and aptitude variations# 
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from his work, A.Blanche! an! other have deduced 
the finest Educational Principles. Which goes along way in 
meeting individual differences that i s it must permit the 
child to establish plans to reach distant goals, while 
leaving him wide open freedom to follow his own routine. 

•hi„ i„ only possible if we have same vague idea how a child goes 
about in the bussiness of developing his own partial house 

of knowledge. The present study tests through soma problems 
how his mind becomes experimental* 
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CHAPTER II 


REVIEW OF RELATED LITERATURE 
IHT RODUCT ION 


The work of Jean Piaget is getting world wide 
attention in all the leading countries of the world* In his 
famous hook on the 11 Growth of Logical Thinking from early 
childhood to late adolescence "5 he has provided not only 
several problems but also conjectures naeding experimentation 
and verification of his ideas under different soc|o-economic 
conditions. The Research Frontier hinted at by him in this 
book is yet to be scratched. To quote the Essential Piaget. 

" It is not difficult to grasp the main characteristics 
of formal stage of development in isolation. But the feel of 
difficulty is reflected when he suggests certain schemes of 
thought alongwith their corresponding experiments. If the 
current status of research in this field is evaluated, one 




really draws a blank# The schemes of thought alongwith 
their experiments as suggested by him are as follows s- 


SJ!o. Scheme 


Experiment 3 


1 # Combinations Chemical combinations, in a system 

containing a substance to be coloured; 
a dye, an inhibitor,and a neutral agent. 


2 ® Proportionality Equilibrium on a balance beam where 

the multiplicative relation between 
length and weight must be dealt with. 


3® Correlations and Discovering the relations between 
Probability a pair of imperfectly correlated 

variables (hairs and eye colour)® 


4 • 


Conservation beyond Conservation of movement in a system 
empirical experience containing some friction.i.e., 

rolling balls on a hori 7 .intal plane® 


5# Inversion and 
reciprocity 
coordinated in 
maintenance of 
equilibrium. 


Behaviour of liquid in communicating 
vessels (equality of water levels, 
relation between water pushed out of 
one tube and into the other) • 


6 « Mechanical 
equilibrium 


Hydraulic press 'a more quantitative 
version of the preceding . 1 


7, Corrdinatiori of Snail moving on moving platform® 

two reference 
systems 


8 ® Equilibrium of work Behaviour of wagon on variably 

mechanical proportion plane counter balanced by variable 

weight on pulley® 
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S .Wo * Scheme 

Experiments 

9® Geometrical 

Pro po rt io nal it y 

Predicting size of shadow cast with 
objects varying in size and distance, 
screen and source varying in distance- 

10® Compensation of 
interact ing 
variables• 

Behaviour of balls on rotating problem, 
relation between weight and distance 
from centre in determining centrifugal 
motion. 


In the present study, an important ■variable of intellectual 
development has been selected for intensive study. Because of 
the following reasons - 

1. Prof.Lovall, Dr •Michel share and others have selected 
only one problem for their studies. This problem is the 
simple pendulum problem. In this study o n the other hand 
three problems on stating and testing of hypothesis have 
been selected. 


2» According to Prof.Oppenheirmer it is a business of Bcience 
to go wrong. On paraphraging him one can also say that it 
is also the business of human mind to be deriave in the 
process of creating novelties. So in this study some 

questions have been headed which intentionally invire 
wrong answers too• 

3. According to lean Piaget, the Adolescent mind exhausts 

all possibilities, so in the study we included 2 problems, 
namely dight problem and seed problem for testing this 
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4„ Lastly, Problem sensitivity is also included as another 
outside variable8 

In this context, hardly, any study hag been conducted 
in India and abroad. So the following studies which are of 
direct relevance to our study are documented below in the 
tabular form* A brief summary of the significant discovery 
is given in the end of this chapter® 


Author(s) and Title of Study Mai n Findings, 

year 


Bant ista,L «B. 
39 75 


The Relationship Formal students are 

between Intellectual better than concrete 

levels and achievements® students* 


Bruner,J £ • A Study of 

Goodn©w and Thinking 

Austin,19 62 


There are four distinct 
strategies by which 
a person may form 
the given concept® 


C antar,L.L * 
and Herren,J*0* 
1978 


Concrete and Formal 
Piagetian stages ® 


Pupils are unable to 
learn science 
concepts at both levels. 


Dale ,L*G. 

3970 


The growth of system¬ 
atic thinking. 
Replication and 
analysis of Piaget's 
First chemical 
experiment. 


Majority of the 
adolescent pupils do 
not perform at formal 
operational level® 


Do chert y ,E .M. 
1974 


Identifying concrete Identification of 

and formal operational concrete and formal 

children. operational pupils 

through duster analysis 



Author(s) and 
Year 


Title of Study 


Main Findings 


Dulit ,E. 

Adolescent Thinking 
a La Piaget» 

The Formal Stage* 

Formal thoughts can 
be most easily seen 
in case of adults, 
normal adolescents 
and gifted adolescents® 

Farrell.M „A«® 

1909 

The Formal Stage 

Sometimes the expected 
percentage of formal 
level decreases and 
may revert to the 
lower level of 
cognitive development. 

G insburg ,M*and 

Piagets The? ry of 
Intellectual 

Development. 

There is direct 
relationship between 
maturity and concrete 
operational level 
of student. 

Grewal Av inash 

19 78 

A Study of the 

Relations hip 

Between theses 

Testing Ability in 
Science and 

C reat ivity * 

There was a significant 
relationship between 
creativity and 
testing of hypothesis* 

Higgings 9 T «A • 
and Gait e-A *J *H. 
39 71 

Elusiveness of 
formal operational 
thought* 

At the age of 16, 
the normal adolescent 
pupil do not reach 
the formal level of 

T hinking. 

Heidbreder.E. 

1928 

Problem solving 1* 

in children and 
adult s • 

Reactions and 
sensitivity to solve 
problem increased 
with age* 


2. The subjective 

attitude transformed 
into objective attitude 
gradually with 
increases in age* 




AuthorCs) and 
Year 

Title of Study 

Main Findings 


3 ® 

The attach of problem 
is more systemic as the 

Howe 

0^4 

Formal Operational 1® 
thought and the 
high School Science 
Curriculum» 

During adolescence 
subjects spontaneously 
react to the problem 
and using all other 
things equal scheme. 


2 e 

Formal operational 
subjects attempt to 
prove something 
(control variables) 
rather than describe 
them® 

J ackson.S« 

0965 

The growth of 1 . 

Logical T hinking 
in Normal and 

Sub-no rraal 

Children. 

Only 5C$ of the 
adolescence subjects 
attain a score 
representing formal 
operations on the 
tasks presented to 
t hem • 

J 0 y 0 0 ,• K » 

19 7^ 

A Study of Formal 1 . 
Seasoning in 

Elementary Education 
Majors® 

Stating and T est ing 
°f Hypothesis Ability 
seen in limited 
st udent s • 


2 . 

Students are incapable 
to react with the 
suggested variables 
in a logical manner. 

Karplus and 
Peterson 

19 70 

Intellectual 1 , 

Development beyond 
Elementary School 
*11* Rafeio, 

A Survey* 

I "L was f^und out that 
of the sub urban 
group is categorized 
as using proportional 
thinking but only 
of the urban group is 
so categorized. There 
is approximate ratio 
of 111 . 
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AutborCs) and Title of Study Main Findings 
Year 


Kofsky 5 
1966 


A Scalogram Study 
°f Classificatory 
Development. 


Age is an important 
factor in mastering 
the number of tasks, 
but there is no set 
pattern of mastery 
in various tasks. 


Kohlbery and 
Gillian, 

1971 


The Adolescent as 
a philosopher. 

The discovery 
of the self in 
a post conventional 
world. 


Concrete operational 
stage is more dominant 
among normal adolescent 
pupils than formal 
operational stage® 


L awson, 
1974 


Relationship of 
Concrete and 
Formal Operational 
Science subject 
matter and the 
Development 
Level of Learner. 


Concrete and Formal 
Level Increases, in the 
sequence Biology,Chemistry 
and Physics students. 


Lawson»A JE ® Teaching for 

and Renner*W, Thinking 
1976 


More than BC0 of the 
subjects were found to 
be at concrete level 
and only 2C$ at the 
formal level* 


Lawson 
Blake s 
1976 


and 


Concrete and 
Formal Thinking 
Abilities in 
High School 
Biology students 
as measured by 
three separate 
instruments. 


In Piagetian tasks 53$ 
of the students were 
found at formal level, 
while 36$ at formal 
level in a test on 
Biology content 
and 44$ in non-science 
content examination. 


Leela Kansakar A Study on the 1. The mean of testing 

1979 Exclusion of hypothesis increases with 

Variables during Grade and each problem 

Adolescent, is co-related with 

each other 




Aufchoris) and 
Year 


Title of Study 


Main Findings 


2 . There is no significant 
difference in Intelligence 
while comparing the top 
and bottom groups * 


L 0 ng el ^ R ®A ® 
and Buell,R*R., 
1972 


Exclusion of 
Irrelevant 
facto rs(The 
Pendulum Problem) 


la There is gradual growth 
in the logical operation 
"exclusion" and no affect 
of sex: 9 socio-econotnie 
status and I.Q. 


Linn and 
Levine® 
1976 


Adolescent 
Reasoning ,T he 
Development of 
The Ability to 
Control Variables 


1 . There is direct 

relationship between 
thinking process with 
age. 


2 . Concrete Operational 
is more than the formal 
operational subjects. 


Lius L .Canta 
and J .Dudley 
Barren ,19 78 


Concrete^and 1. Pseudo examples are 
Formal Riagetian helpful in under-standing 
Stages and Science the concrete and formal 
Concept Attainment, operations. 

2. Formal operational subjects 
are better than concrete 
operational. 


Lovell ,K. 
1961 


Follow up study 
of Inhelaers and 
Reagets.The 
Growth of Logical 
Thinking. 


The stage concept of 
Riaget is supported by 
author, that the pupil 
of low academic ability 
do not attain formal 
t hought. 


Mealings ,R ®J. 
1961 


Some aspects of At the Mental age of 16 + 
Problem Solving children are supposed to 
in Science. solve abstract and 

theoretical problems. 
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Authors) and 
Year 


Macke,G. 
and Meeke,V» 
1371 


Mokinnon 
and Renner 
1371 


Misra ,R *M, 

1973 


Norland and 
et al } 1974 


PandeyJC.C 9 

1979 


Peel«E.A • 
I960 


Title of Study Main Findings 


The Development 
of Formal thought 
as shown by 
explanations of 
the oscillations 
of a pendulum® 

A republication 
study* 


1. Formal Operations 
used by the subjects® 


2 * The subject used 
'systematic approach 
and eliminate the 
irrelevant variables 
in Piagets Pendulum 
Problem* 


Are College Majority of the college 

concerned with subjects were found to be 
Intellectual at concrete operational 

Development* level and only 2E$ at 

formal operational legel® 


Role of Hypothesis 
in Problem 

Solving among 

Grade X Science 

St udent s ® 

There are some difficulties 
experience by pupils in 
testing hypothesis difference 
between top and bottom 
groups * 

A Study of Level 
of Concepts and 
Formal Reasoning 
Ability in 
Adolescence. 

Majority of students 
found to be at concrete 
operational stage. 

A Study of 

Problem S°lving 
Ability in 

Science 

2 ($ of formal level 
and 6C$ at the concrete 
level, rest in transition 
stage. 

T hg Pupils 

T hinting* 

According to Peel, 
there are found types 

of thinking ,T hematic, 

S xplanat 0 ry, P ro duct ive 
and Integrative 
respect ively* 
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AuthorCs) and Title of Study Main Findings 
Year 


Benner and 
Stafford, 
3972 


Shayre and 
Ball,1975 


Teaching Science Among the 220 Adolescents 
in the Secondary of age 10-12 about 2 
School* are at the concrete level . 

and 34% of formal operational! 
level* 1 


Piagetian Cognitive At ,01 level the 
Development and relationship between 

Achievement in formal operational 

Science* level and achievement 

is significant* 


Sheehan,D. The Effectivenss T he formal operational 

3970 of Concrete and subjects received the 

Formal Instructional formal instructional 
FrocedurSs with procedure are not better 

Concrete and Formal than the concrete 
Operational Students* operational subjects, 

received concrete 
instructional procedure* 


Vaidya 

3964 


Problem solving 
in Science among 
certain groups 
of adolescent 
children« 


1, Stating of hypotheses 
is given by adolescent 
pupils but they are 
not in a position to 
verify them. 

2. Although adolescent 
pupils solve the problem 
irrespective of their 
different I.Q. hance, 
but they do not 

exhaust all possibilities • 


Vaidya N. 
39 75 


The Growth of 1. 

Logical Thinking 
in Science 
during Idolescent. 


Contrary to Piagets 
view adolescent childrens 
are able to state 
hypotheses but they 
do not test t hem* 
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Ji ces 0 or seir regulation or equilibriation,® 

To put in few words, experience or demonstration 
is a necessary but not sufficient part of learning, 
because the child must act on thinks and objects, meaning 
thereby that action is the basis of all knowledge® 

he various studies documented above suggest 

the following main findings still to be tested i n cross- 
cultural studies - 

1® The concrete operational stage is quite dominant 
among normal adolescent pupils® 

2 ® Whereas the adolescents pupil are in a position 
to stage hypotheses, they are not in a position 
to test them® At best they can test one variable 
or so in most of the case. 

3® They attack on problem is seen to increase 

systematically with increasing grade as well as 
age® 

4® It is possible to identify concrete and formal 
operational pupils through cluster analysis® 


r r s" / 
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5. The study of Physics ne6d more formal thought 
than Chemistry and Biology. 

6. Mental age and grade are the two important 
factors than chronological age in concept 
development. 

\ 

7. There appears to he significant relationship 
between scores on formal operational thought 
on the one hand and achievement as well as 
creativity on the other. 


»4 « 
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FLAK AND PROCEDURE 




HJD PROCEDURE 


INTRODUCTION 

Through his Ingineous Experiments for which he is 
famous all over the world, Prof Jean Piaget developed his 
own way of Investigating Problems,called the " Mattode 
Clinique" or the critical method of exploration. He also 
succeeded in establishing rapport with children because 
while young, he played marbles with young children, his 
own children also, ofcourse, not excluded. Due to the 
physical limitations of time it wag not possible to use this 
technique. So the questionnaire method was implied. However, 
the main objectives of the study remained intact in the 
Piagetian context. So the present study aims at Investigating 
the following - 




STATEMENT OF TKE PROBLEM 


In the Introductory pages, we have discussed 
about the Fiagetian Theory, concept of Mental Structure 
and Thinking Process during adolescence. The schemata of 
thought increases with age and Maturity fro® concrete to 
Formal Operation* 

In a broader sense the present study is aimed 
at studying the manner of the - 

" PROMTI-I OF TI-IE EFFECTMENT AL MIND IXJRIHG ADOLESCENCE " 

PURPOSE OF TUB STUDY 

\ 

This Investigation i*as attempted for the 
following purposes - 

(i) To determine the Relationship between stating of 
hypotheses and achievement in Science• 

( ii) To determine the relationship between Testing of 
Hypotheses and Achievement in Science * 

( iii) To determine the relationship between stating of 
hypotheses and Testing of hypotheses* 

( iv) To explore the Hump effect, if encountered incedenfcly. 




JUNIFICATION OF THE PROBLEM 


The schemes of thought as propounded by lean Piaget 
have been 3-OOsly worded, with the possible exception of the 
scheme of thought ; proportion, very little work has 
been donu in area an scheme of thought during adolescence* 

For example, very little work has been done on the INRC 
structure. The same is true of stating and testing hypotheses 
( Pro po s it ion) . 

These two variables were Examined separately 

A 

by Prof JET .Vaidya in his book " The r-rowth of Logical Thinking 
in Fcience during Adolescence " . As usual, he also used 
only one problem namely, the flow of water through a glass- 
tube* It had always bean the concern of Prof.Piaget that a 
given schem® of thought should be studied in its maximal 
variation. So study was needed where the schemS of thought 
relative to the stating and testing of hypotheses across 
the problem could be studied on the same sample and hence, 
justification of the problem* 

HYPOTHESES 

The present study propose the following hypotheses - 

( i) There is no significance relationship between 
the following variables - 

a) Total score of stating of hypotheses and achievement 
in science* 
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b) j-otal score of testing of hypotheses and 
achievement in science* 

c) Total score of stating of hypotheses and testing 
of hypotheses* 

d) iotal score of digit problem and achievement 
in science* 

d) Total score of magic seed problem and achievement 
in science* 


(ii) There is no significant relationship in the scores 
on the processes of thought all taken together, 
problem-wise and total Individual FiPblem-^ise 
from grade to grade* 

(iii) There is no difference between the Top group and 
Bottom Group on - 

a) Stating of hypotheses* 

b) Testing of hypotheses* 


SAMPLE AND SUBJECT 

Altogether 120 students of class VI through 
Class XI of Demonstration Multipurpose High School, Regional 
College of Education,Ajmer constituted the sample. 20 students 
from each class in the following age group ll** to 16 + were 


included* 
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SE LECT VM OF TOOL S 

The following tools were used, which aimed 
at testing - 

(i) Stating of hypotheses 

^ii) Testing of hypotheses 

( iii) Some Interesting and Funny Questions* 

All the three are in the form of Questionnaire. 

BRIEF DESCRIPTION OF TOOLS 

(i) Questionnaire Eo.l ( Stating of hypotheses) 

In this questionnaire four problems were given 
namely :*» 

(i) The flow of water through a narrow tube in a 
small beaker* 

( ii) The oscillation of a simple pendulum* 

(iii) The movement of target sphere on ramp* 

(iv) The magic seed problem. 

Questionnaire No <2 ( Testing of hypotheses ) 

In this questionnaire only 6 hyptheses of three problems 
were given for testing. The different hyptheses on each 
problem were - 





m flo\m qp uq lhdthrough a ~tubp problem. 



THE. SlMPLE^^vAbVjLUM Problem. 








PROBLEM NO» 3 


a) Size of the hole in the glass-tube. 

b) Level of the water in larger Leaker A* 

P ROBLEM NO.g 

a) Volume of the bob. 

b) Weight of the boh. 

PROBLEM K0«3 

a) The weight of target sphere, 
h) The nature of the surface of groove* 

H.RQStionnaire, N.Qj3 ( Some Interesting and Funny Question^ 
It includes the following problems - 

a. Digit Problem, 

b. Cycle Problem. 

c* Questions Inviting Wrong Answers, 
d. The Magic Seed Problem. 

e» The Worm Problem. 

( See appendix for all the "three questionnaires) 
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ADMIN 1ST RATIO IT OP QUESTIONNAIRE 8 

The administration was done to the sample selected 
in their respective classes. The experiments on different 
problems wore set-up and explained to the students by 
the Investigator herself. The subjects were asked to observe 
the experiments and write down the different hypotheses 
on the problem presented. The time taken to state the 
hypotheses ranged from 30 minutes to 45 minutes. 

After the collection of the stating hypotheses 
questionnaire, testing hypotheses questionnaire, were 
distributed. Subjects were asked to test the different 
hypotheses proposed in the problem given. The time taken 
ranged from 30 minutes to 50 minutes. 

The third questionnaire were distributed next 
day, to the same subjects. Instructions were already given 
by investigator• This questionnaire was interesting and 
easy and the time taken ranged from 30 minutes to 40 minutes. 

DELIMITATIONS 

The present study is delimited with regards to 
the following - 

(i) The pupils of grade Ml to XI were considered, 

-f JU 

ranging within the age limits of 11 to 16 . 
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( ii) They are of average Sodo-economic status. 

( iii) They -were selected from the English Medium 
sections of the same school. 

The present study is a qualitative study, 
which attempt to understand, bow the minds of children 
become experimental* So the problem is studied from the 
developmental point of view rather than the psychometric 
one. This point of view is being reflected in the next 
C hapt er« 


• • o 8 
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CJJALITAIIVE ANALYSIS 



:38 s 


the acquisition of the various individual processes of 
thought within the thought structure of a given problem 
under study both within and across the various sub-samples* 
Lastly, statistical relationship and over-all conceptual 
interpretations find their place in the succeeding chapters. 

QUESTIONNAIRE N0«1 
( STATING OP HYPOTHESES ) 

PROBLEM NO .1 

The flow of liquid through a tube, this problem 
presented as follows. There are two beakers A and B f Beaker 
A contains as much liquid as you wish* It is placed at a 
higher level than the beaker B. A glass-tube is fixed to the 
beaker A* The liquid flows from beaker A through the glass- 
tube into the beaker B. 

Name all the factors upon which the quick filling 
up on the beaker B depends • 

1. Size of the beaker A 
2 « 

3* 

and so on* 

MANNER OF PRESENTATION 

The problem was presented as above. The students were 
said to look at the diagram carefully and name all the factors 
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upon which the quick filling upon the beaker B depends* 
For the guidance, one statement is given* 

SCORING 


Scoring is done by giving one number to each 
statement . Total number of statement individual pupil 
wise and gradewise also counted* 

ELEMENTS AND AIMS OF THE PROBLEM 

The present problem is aimedat investigating 
the-following - 

1® To see upto what extent a pupil can state the 
hypotheses on the given problem* 

2« To see upto what extent a pupil can think on present 
problem. So determine the course of thought process 
among adolescence. 

PRESENTATION OF DATA 

TABLE NO .1 


Class 

Vi- 

1 vn— 

?ht— 

“E?- 

- j - 

Xl 

Mean 

3 ®3 

4.6 

8.1 

7*8 

6*2 

7*85 

S.D. 

.62 

2.1 

• 

to 

2.57 

2.46 

•22 
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SHMMAHX OF HESTJITS 

The problem had too many responses on stating of 
hypotheses* T:he main findings on this results shows that - 

1« The mean performance increases with grade except in 
Grade IX and X* 

2® The attack of problem is more systematic as we 
pass through Grade VI to XI* 

3® The student while tackling the problem, proceeds 
from concrete to formal reasoning* 

4* Hump-effect is encountered incidently on stating 
of hypotheses. 

PBOBLEM HO.2 

THE PROBLEM 

The sample pendulum problem, presented as follows - 
It consists of a string whose one end is attached to a hook 
and the other end to a bob. If you give it a slight push, 
it moves to and fro sideways. To put in other words, it 
moves from A to B and back to A . This is called are 
oscillation ( a complete movement ) • Now name all the 
possible factors on which one oscillation of any simple 
pendulum depends - 

1 • Colour of the string. 

2 * 

3 . 


and so on. 
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MANNER OF PRESENTATION 

The problem was presented as above* The students 
were asked to look at the diagram and name all the possible 
factors, on which one oscillation of any simple pendulum 
depends. For the guidance one statement is given. 

SCORING 


Scoring is done simply by giving one marks to each 
statement. Total number of statement individual pupil-wise 
and grade-wise also counted. 

ELEMENT S AND AIMS OF T HE PROBLEM 

The present problem Is aimed at Investigating the 
following - 

1« To see upto what extent the pupil can state the 
hypotheses on the given problem. 

2. To see thought process among adolescence pupil. 

PRESENTATION OF DATA 

TABLE NO.2 


Class 

VI 

VII 

VIII 

IX 

X 

XI 

Mean 

4.5 

4.6 

7.7 

8.0 

7.5 

8.1 

S.D. 

2.1 

1.5 

•22 

•17 

1.2 

.13 
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SUMMARY OF RESUITS 

The problem had too many responses on stating of 
hypotheses* The main findings on this problem shows - 

1® The mean performance increases grade~wise except 
in the grade X on stating of hypotheses. 

2® The attach of problem becomes more systematic as 
we more from grade VI to XI. 

PROBLEM NO .a 

THE PROBLEM 

Th e Ramp Problem presented as follows - 
T here is a ramp with a groove along which spheres can 
roll up and down. A target sphere is placed at the centre 
of the ramp® When another trolling) sphere is released 
from the right (see the diagram), it rolls down the 
ramp, strikes the target sphere and makes it move up the 
ramp on the left. 

The movement of the target sphere on any ramp 
depends on the following possible factors - 

1® Height of release of the rolling sphere. 

2 . 

3 . 


and so on® 
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MANNER OF PKE SENT AT I ON 

The problem was presented as mentioned abobe. The 
students was asked to look at the diagram and name all possible 
factors? on which the movement of the target sphere on any 
ramp depends• 

SCORING 

Scoring done simply by giving one marks to each 
statement. Also counted the total number of statement 
individual pupil wise as well as grade-wise. 

PRESENTATION OF DATA 


TABLE NO.3 


Class 

VI 

VII 

VIII 

IX 

X 

XI 

Mean 

3.1 

3.5 

7.0 

7.0 

6.4 

7-25 

S .D. 

•22 

. 

to 

to 

*44 

.67 

•22 

.53 


SUMMARY OF RESULT# 

1. The mean performance increases gradewise except in 
grade X on ramp problem* 

2* The attack of problem becomes more systematic 
as we move from grade VI to XI • 
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PROBLEM NQa4 

THE PHQ-RT.Ey 

The seed problem is presented as follows - 
A farmer wishes to grow healthy plants. Name all the 
possible factors he should consider to make the seeds 
grow into healthy plants« 

I*. Healthy seeds. 

2 . 

3. 

and so on. 

MANNER OF PRESENTATION 

The problem was presented as above students were 
asked to name all the possible factors upon which the 
Growth of healthy plant depends. 

SCORING 

Scoring is done by giving one mark to each statement 
The number of statement individual pupil-wise and grade-wise 
also counted* 

ELEMENTS AND AIMS OF THF, PROBLEM 

The present problem is aimed at investigating the 
following - 

!• To see upto what extent a pupil can state the hypotheses 
°n the given problem. 

2. To gee upto what extent a pupil can think on present 
problem. So determine the course of thought process 
among adolescence* 




PRESEMIQU OF DATA 


ME HO .4 


Class 

VI 

VII 

VIII 

IX 

X XI 

Mean 

5.0 

6 el 

7.2 

8*8 

6.7 8 & 

S.D. 

*39 

.43 

*22 

•22 

44 I.? 


gPMRY OF HE SPECS 


1. The naan performance increases gradewlse exaejt 
in grade X on find problem. 

2. The attack of problem becomes more systematic 
as ve move from grade VI to xi. 
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_QPEST ION N AI RE N0 »2 

( TESTING OF HYPOTHESES ) 

THE PROBLEM 

pboelem no»i 

THE FLOW OF LIQUID THROUGH A TUBE PROBLEM 

Liquid from beaker A flows through a glass tube 
and collects in the beaker B. 

The amount of liquid collected in the beaker B 
in half an hour, sajy, depends on the following two factors 
alone : 

1* Size of the hole in the glass tube® 

2« Level of water in the beaker A, 

Suggest experiments to test these two factors: 

1 • Size of the hole In the glass tube* 

-PBPBLEM NQ„2 

THE SIMPLE PENDULUM PROBLEM 

The time taken for one oscillation of the pendulum 
depends upon the following factors: 

1* Volume of the bob* 

2* Weight of the bob. 

Suggest experiments to test these factors. 

Volume of the bob. 


1 
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PROBLEM NO .3 
THE RAMP PROBIEM 

The moving of the target sphere depends on 
the following factors * 

1 • The weight of the target sphere* 

2* The nature of the surface of the groove* 

Suggest experiments to test the above* 

1. Th e Weight of the Target sphere* 

MA NNER OF PRESENTATION 

The problems werepresented as above. Students 
Wore ask to look carefully on the diagrams and surgest 
experiments to test the hypotheses/factors given in problem. 

SCORING 

Scoring was done by giving one marks to each 
experiment • 

Along with thisj scores on immediate reaction is also 
scored- For this there was three questions presented alongwith 
the problem. There were three answers, Yes, a bit and No. Marks 
given to these responses 0,1,2 respectively* 

E LEMENTS AND AIMS OF THE PROBLEM 

The present problems are aimed at investigating 
the following - 

1. To see upto what extent a pupil can test the 
hypotheses by suggesting experiments* 







TABLE - 5 

Showing Mean Performance and S.D. on various problems of stating 

of Hypotheses® 



SUMMARY OF RESULTS - The main findings on these problems shows that - 

1« Themean performance increases with grade except in grade X( Problem Ho .1) Grade VIII 
( Problem 2*-3) . 

2. The attack of problem is more systematic as we pass through grade YL to X-I . 

3. Hump effect is suspected on testing of hypotheses* 
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QUESTIONNAIRE HQ. 3 
1. ( COMBINATORIAL ) DIGITAL PROBLEM 


THE PROBLEM 

You are given four digits 6,7,8 and 9. Form as tnany 
digits or figures as you can "by using all these digits in any 
way you like® 

(i) 67 (ii) - (iii) (iv) and so on. 

PHE SENT API ON OF THE PBPHLEM 

The problem was presented as mentioned above* One of the 
solutions was given, that is, 67* Every pupil was asked to read and 
re-read the problem until he understood it. It was only stressed 
that each one of them would make as many combinations as he could 
think of- without multiplying and dividing the various digits* 

Only a few pupils from grade VI asked whether they could multiply 
or divide. They were asked not to do this. No other hints were 
given. 

■sssfflsa 

This problem utilises three distinct processes of 
thought when analysed logically. These ares using two digits 
at a time C 12 possible combinations out of which only one is 
already supplied), u s ing three digits at a time ( 24 possible 
combinations) , and using four digits at a time ( 24 possible 
combinations). Each suggested combination carried a mark each* 

So the maximum score carried by this problem theoretically 
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speaking is 12H-24+24 = 60 marks , a very large figure. But 
for convenience, two digit, three digit and four digit 
combination were treated separately# 

ELEMENTS AND AIMS OF THE PROBLEM 

On its vary surface, this problem is very simple 
because it deals with four small individual numbers) lying 
between 5 and 10* It involves on the part of pupils seeing 
the individual number in isolation and in relation to the 
other numbers in all possible combinations, that is, in sets 
of two, three and four numbers giving in all sixty different 
combinations. It is at its best a simple modification of 
Piaget’s experimental problem on combinations of coloured 
and colourless chemical bodies in. which the beakers have 
been replaced by members, a more familiar situation to 
children. Piaget and Inhelder say : 

" The formation of propositional logio which itself 
marks the appearance of formal thought depends upon the 

establishment of combinational system.The structured 

whole depends on this combinatorial which is manifested in 
the subjects potential ability to link a set of base associations 
or correspondence with each other in all possible ways to 
draw from them the relationship of Implication, disjunction, 
exclusion. (7) "• 

In this context, this problem is aimed at investigating 
the following - 
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Up to -what extent can they structure this problem ? 
Upto what extent can they exhaust all the possible 
combinations within a given and across allied 
categories which are supposed to exist logically ? 
What are the most difficult combinations judged 
by the pupils ? 

What errors do they make while tackling this problem? 
Taking on overall view, upto what extent are the 
various categories filled in ? 

PRESENTATION OF DATA 

Mean and Standard deviations grade-wise for 
the various sub-samples » 


TABLE - 7 




Using 2-digits 

at 

a time. 



S »N o. 

VI 

VII 

VIII 


IX 

X 

XX 

Mean 

S.D. 

8 .6 

1.52 

17-4 

2.94 

15.5 

2.52 

8.6 

1.14 

18.5 

3.21 

20.0 

3.57 



Using 3- 

■digits 

at 

a time 



Mean 

S.D • 

.60 

4.2 

3.1 

3.35 

4.7 

3.99 


3.1 

3.57 

6.4 

7-78 

9 .2 

8.39 



Using 4-digits. 


a time 



Mean 

6.2 

3.6 

4.0 


8.6 

5.2 

4.0 

S.D. 

8,27 

6.71 

4.83 


3.39 

5.81 

2.12 






^- 


(a) 

£b) 


(c) 

(d) 

(e) 
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SUMMARY OF RESULTS 

This problem had too many responses which presented 
its own characteristic problems of tabulation. The main results 
on this problem indicate - 

1« Mean performance increases with grade although there 
are some exceptions* 

2 ® Except a few fluctuations, especially due to polarisation 
in thinking, each combination is mastered increasingly 
as the pupils move into higher grades* 

3* Single aspect character or polarisation of thinking is 
noticed which appears to be a temporary affair for 
it completely disappears in the closing grades • 

Hump effect is suspected* 

4* Two-digit categorey is filled in first and the three- 

digit and four-digit categories are filled in later on, 
the extent of their getting filled in being: 65*$, 

2 C$ and l£$. The illustrated step appears to have 
assisted pupils in filling in the first category. 

5 * Contrary to Piaget, adolescent pupils commit a large 
number of arbitrary errors when there is failure 
to accept the main demands of the problem* Whereas 
there is general decline with increasing grade,, 
pupils are attracted more by extraneous considerations* 
If actual combinations are counted physically which 
ha^e no business to be there for they are based upon 
digits not given in the problem, It appears that these 
errors appear, net only within a given grade but also 
across grades* These errors are, except occasional 
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fluctuations here and there, not blind but manifest 
distinct modes of reasoning. 

6. Several interesting types of errors appear* First, 
if the supplied combination is again given which it 
is not necessary to give, and if it is regarded as 
error, it undergoes a hump. Secondly, if number of 
errors committed on three categories are counted 
gradewise, these errors also under go a hump* 

Thirdly-, the number of pupils failing to give a 
single combination on two digits, three digits 
and four digits combination again undergoes a hump. 

7* It is of interest to mention in passing about the 
relationship of this problem to other variables* 

At the usual level of significance, it correlates 
significantly and positively with all the problems 
as well as the schemes of thought and score 
obtained in the science subject* 

8® The following combinations were found to be quite 
difficult .: 

(I) 97,86,87,96 on two digit combinations given by 
50? ,4C$ ,45$ and 4C$ of the pupils* 

(ii) 796,786,789 ,869 ,8^ ,798 on three digit combinations 
were given by 1£$ *11$ *12$ of the pupils • 

(lil) 9687,9867,8976,9768,8*^6,8976 on four digit 
combinations were given by 14$,12$,l4*f$>,11$ 


of the pupils* 
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Frame as many questions as you can on CYCLE 
whose answers you do not know* In other words, if you 
know the answer to the question that comes to your mind, 
please do not write it down. Now start writing these 
questions only, whose answers you do not know. 


MANNER OF PRESENTATION 

Each pupil was asked to read and re-read the above 
question* He was allowed to seek any clarification within 
the statement of the problem. There was no interruption 
once he started* 


SCORING 

One mark for each acceptable question. Here only 
those questions whose answers were too obvious were rejected 
straightaway from scoring. 



In the words of John Holt - 11 We encourage children 
to act stupidly, not only by scoring and confusing them 
but by boring them, by filling up their days with dull, 
repetitive tasks that make little or no claim on their 


attention or demands on their intelligence 11 * 
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He further adds that most of the time they are 
engaged on dull tasks, result being that they hardly 
make use of their talents and tools because before long 
they are deeply settled in a nut of un-intelligent 
behaviour from which most of them could not escape even 
if they wanted * 

At the same time, it i s still believed that under 
certain conditions, children can be made to think and raise 
questions« They can as well as guided to answer them* 

The results of these studies indicated that children 
ask all sort of questions which stem practically from all 
the significant areas of human living. Th a y naturally pick¬ 
up much information incidentlly from their immediate 
enviornment in which they live and acquire partial facts 
and concepts. In this process of formulating facts and 
concepts about the problem of cycle they think in their 
own specific way and try to identify and solve the problem 
according to their mental growth. 

The main purpose for including this problem in this 
study was to check the hypotheses whether ability to formulate 
problems quantitatively as well as qualitatively was related 
to other schemes of thought included in this study. 

In short, this problem alms at investigating the 
following - 

a) VJhat acceptable questions/problems are asked by 
the adolesoent pupils ? 

b) What is their performance in formulating problematic 
situations fr®a grade to grade ? 
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PRESENTATION OF BATA 




TABLE 

- 8 




Class 

VI 

VII 

VIII 

IX 

X 

XI 

Mean 

2.45 

2.72 

3.12 

3.91 

4.31 

7*52 

S.D. 

1®78 

3.39 

.44 

1.56 

1.11 

2.13 


SUMMARY OF RBSUIT S 

1* The problem on cycle shows an increasing trend of 

mean performance with the grade. This is in accordance 
to the expected findings on Piagetian Task. 

2* This thought provoking problem put the child in new 
thinking situation in which there was no ceiling 
on the number of questions to be formulated sfraoc 
qualitatively as well as quantitativelyo 
3. To stress the main reason for including a problem of 
this type was to judge pupil sensitivity to self- 
generated problematic situations, a matter of individual 
judgement • 

On further analysis the various responses, which 
were obviously rejected. The list of some accepted and 
rejected questions are provided as follows •- 
ILLUSTRATION OF SOME EEJECTJ3D QUESTIONS 

1® The cycle has two wheels* 

2® What is kerb cycle ? 

Which is the best cycle in the world ? 


3 . 



4® How many company made cycle ? 

5® What oil we gave to it ? 

6® What is the size of cycle ? 

7® What care should be taken in Rainy season ? 

8® Why cycle move on roadj and not in sky ? 

9 • Why cycle has not a head light ? 

10® How many colours of the cycle ? 

(b) illustration of some accepted questions 

1® How cycle brakes work ? 

2® How many times the wheels has gone round ? 

3® What is the thickness of ball-bearing ? 

4® How many nuts are used in chain ? 

5® Why brack-fails suddenly during cycling ? 

6® What is the use of mudguards in the tyre ? 

7 ® Why there is punctured 

8® What is the literal meaning of cycle ? 

9 . X'Jhy the cycle not move in opposite side on paddling 
in the same directiorf? 

10® Why does the tube of a cycle brust or suffer 

puncture due to very hot weather or heavy sunlight ? 


TABLE ~ 9 

Showing scores on rejected questions, 

—rrr ~—rrrz -—32 


s.N 0 '®—rr 


x 


XT 


8 


Scores 12 
Means ®6 


18 

«9 


20 

1®0 


11 

•5 


17 

•8 
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pr oblem mo ,a 

C QUESTIONS INVITING WRONG ANSWERS ) 

TH E PROBLEM 

Read the questions given below and then answer 
them carefully® 


S®No. Question 


Scoring Key Maximum S c ore 


1® A blind man with one 
eye can see upto a 
distance of 100 ft • 
How for can he see 
with two eyes ? 


0 12 

200 100 0 

ft ft ft 


2 


2. A cow is standing 
beside a tree . A 
rope or cord of 
1 meter is tied 
around her neck® 
Tell how for from 
the tree she can 
go for eating grass® 


0 - Any other 
answer 

1 - Can' go any 
where• 


1 


3. Suppose a donkey has 

two horns® How many 0- No horns 1 

horns in all have 

eight donkey ? 1 - If then statement® 


4. A stick is 10 inches 
long*It ig out 
an inch per minute* 
How much time will 
it take for it to 
be cut into 1 inch 
pieces? 


5® How many corners of 
the handkerchief are 
left if you cut off 
one of its corners 
with the help of 
a pair of scissors? 


0- 10 minutes or 

any other time. 1 

1- 9 minutes® 

0- any other 

answer 1 

1-5 corner# 



S ®No 


Question 


Scoring Key 


Maximum Score 


6® Suppose some ducks are 
swimming under a bridge 
in a single line® Two 
ducks # in front in 
the middle and the 
behind. How many ducks 
are there in all ? 

The number of ducks 
should be as small 
as possible that is, 
the smallest® 


0- any other 

combination, 1 


1- Four ducks.' 


i ' n' ON 4^ 

a V - - 

> 1 

, & . 


v. 


V N & 


Mhximu^ S ogfroC 7) 


MANNER Of PRESENTATION? 

These questions were presented as mentioned above. 

No other hints were given. All pupils were, however, allowed 
to read and re-read the various questions. Responses strictly 
invluenced by the content of the question carried 0 marks* 

ELEMENTS AND AIMS OF THE PROBLEM 

As suggested by Koffka and also out of sheet interest, 
this problem containing 6 funny items was included in this 
problem • These intentionally invited wrong answers especially 
from those whose general grasp over the situation was poor. 
For this reason this category was called:* Failure to grasp 
the essence of the problem in which higher score should 
the better grasp on the problem (schemes of thought) while 
solving these problems student take extra care, They inf act 
corrected their previous responses as they went along solving 
them. This problem also lessened their $ boredom, if any, 
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because it evoked, as they put it, unusual sort of 
thinking little subject to usual four fundamental rules 
of arithmetic for their mechanical application invariably 
gave wrong answers. 

PRESENTATION OF DATA 


TABLE - 10 


Class 

VI 

VII 

VIII 

IX 

X 

XI 

Mean 

1.15 

1.45 

1.65 

2.15 

2.55 

4.5 

S .D • 

.22 

.22 

.22 

.22 

.22 

2.13 


SUMMARY OF RESULT 

1. The gradewise means increases with age which show 
that pupils grasp on the problem, as a whole increases 
as they move into higher grades* 

2, The adolescent pupils thinks j hard while solving even 
questions needing restricted throught. This is confirmed 
by several errors unexpectedly appear when they fall to 
accept the problem. To concretise, several ideas complete 
hard when their thinking is influenced wholly by the 
content of the problem. But there is one constraint here, 
that is, when they suspect something fishy, they become 
extra careful in suggesting or reconsidering a well 
considered answer which could be quite mathematical 
(and even still go wrong) Examples are - 
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1«, A blind man can not see, the question is wrong. 

2® How many horns have eight donkeys ? I"t has puzzled 
many. It has attracted four different responses* 

First, eight donkeys have no horns because a donkey has 
no horns, the argument being : why should I suppose 
wrong thing when I can physically see ? Secondly, the 
answer is 2 because only one donkey has two horns and 
remaining seven has no horns. Thirdly the answer is 
8 because the number of donkeys in question is 8, a jolly 
good example of equality of opportunity. Fourthly, the 
answer is, because a donkey has a horn. It does not 
matter whether it is one or two. 

3« How many ducks are swimming under the bridge ? If 

they see eight, they cannot see six. If they see six, 
they cannot see four l the correct answer ) • 

4. How for can the cow go ? Several interesting answers 
have appeared on this question. The answer ranged from 
f meter, 1 meter, 2 m e ter, £ meter, tt r 2 respectively 
and they give their own views in supporting their 
answers• 

5. Majority of adolescent pupil cannot suspend their 
judgement when they tackle a defective or incomplete 
question, a question whose answer is not available 
for the needed information is missing within the 
question itself. This again shows that majority °f 
students influenced more by the content rather than 


form of the question. 




6® As expected, this problem correlate positively and 

significantly with all the remaining problems as well 
as schemes of thought. It also correlate significantly 
with grade as well as intelligence. It correlates 
significantly but negatively with felt difficult of 
the problem ( due to reversible scoring ) * It is 
interesting to note that it corelates insignificantly 
with understanding of the problem, confidence in the 
problem and interest in the problem. 

PROBLEM 4 
MAGIC SEED PROBLEM 


THE PROBLEM 

A farmer had some magic seeds* H 0 did not know how 
to grow them into healthy plants* The only things he knows 
was that their growth depended upon the following three 
factors - 

1. Water 2* Fertilizer 3. Sunlight, 

Your job is to plan as many experiments as you can 
possibly think of. Please see that no factor or part of 

the factor is missed by you* 
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PRESENTATION OF THF, PRO^ LEjj 

'-Hie problem was presented as mentioned above. 0 ne of 
the solution was given that is, High (water),High (fertilizer), 
High (sunlight). Students are asked to write other possible 
experiments, as far as they could think . They are also 
allowed to use abbrivation of the word High (H), Medium (M) 
and Row (L) • Ho other hints were given. 

SCORING 

It is combinatorial problem like the digit problem. 

So the scoring procedure is similar to the previous one. That 
is each combination carried a mark each. In this case there 
are total 2 7 combination possible, and hence maximum score 
is 27® Resting points was also counted for the same problem. 

elements and aims of the problem 

On its very surface, this problem is very simple 
because it deals with three factors, namely water,fertilizer 
and sunlight. It involves on the part of pupils make the 
different combination of these factor, varying their quantity 
as high, low and medium to make the seeds grow into healthy 
plants. It is at its best a simple modification of Piaget’s 
experimental problem on combinations of coloured and colourless 
chemical bodies in which the beakers have been replaced by 
numbers, a more familiar situation to children. 
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In this context, this problem is aimed at investigating 

the following - 

(a) upto what extant can they structure this problem ? 

(h) upto what extent can they exhaust all the possible 

combinations within a given and across allied categories 
which are supposed to exist logically ? 

Cc) what are the most difficult combinations judged 
by tho pupils ? 

(d) what errors do they make while tackling this problem ? 

Ce) taking o n overall view, upto what extent are the 
various categories filled in ? 

PRESENT ATI PIT OF DATA 

TABLE. _ -ll 


Class 

VI 

VII 

VIII 

IX X 

XI 

Mean 

10.3 

14.25 

19.15 

18.15 22.7 

23.65 

S *D . 

1.31 

1.11 

.67 

.67 3.5 

5.8 


SUMMARY OF RESULTS 

This problem had too many responses which presented its 
own characteristics problems of tabulation* The main results 
on this problem indicate - 


1. 


Mean performance inoreasas with grade except in 
grade IX. 
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2* Single aspect character or polarisation in thinking 

is noticed which appears to be a temporary affair for 
it completely disappears in the closing grades. 

Hump effect is suspected. 

3«» Contrary to Piaget, adolescent pupils in this group 

are not in a position to exhaust all the possibilities. 
Except in few cases in the closing grades, systematic 
a ttack on the problem is hardly perceptible. 

4. Each combination is mastered increasingly as the 
pupils move into higher grades• 

5. Contrary to Piaget, adolescent pupils commit a large 
number of arbitrary errors when there is failure to 
accept the main demands of the problem. 

6® Several intersting types of errors appear. First, if 
the supplied combination is again given which is not 
necessary to give, these errors all called resting 
points. If it is regarded as error, it undergoes a 
f hump® Contrary to Piaget mean performand® of errors 
(resting points) increases with grade, the data 
shown as follows - 

TABLE - 12 

Showing Resting points (Magic Seed Problem) Grade-wise® 




Mean 


1.8 


5 


4.4 




PROBLEM HQ .5 


THE WORMS PRQ-RT.P.M 

THE PROBLEM 

To solve the problem of movement of worms i n light 
and. moisture, experiments was done by placing 20 worms in 
the centre of each of the four glass boxes under different 
conditions of light and moisture. Light was provided by 
the electric bulb to the required part of the box* The 
data are shown in the four diagrams given below. Your 
problem is to have a close look at each of these diagrams 
and reach a suitable conclusion* You are free to suggest 
any other experiment, if it might help to solve the problem 
clearly* 

Look at the diagrams carefully^ 

&e Jufce. XZ ft ay (Jt^tiZryv (c Scuc.h Va}u,cub{e, 

!y f Jtii Qr'lY'&n fttQuSc* &~S. 

1* What do you concluded from the diagrams (1) and (3). 


VJORMi \jUoRMS 






2 » What do you concluded from the diagram (2) and (4) • 

3„ Is any other experiment necessary ? If yes, suggest 

the experiment with diagram. 

PRESENTATION OF PROBLEM 

The problem was presented as mentioned above. T he 
students were asked to look at each of these diagrams and 
reach a suitable conclusion. They are free to suggest any 
other experiment, if necessary to explain the solution 
of problem. 

SCORING 

Scoring is done simply by alloting a number to each 
problem and 3 marks for the third question, for suggesting 
any new experiment. 

ELEMENTS AND AIMS OF THE PROBLEM 

The worm problem is actually a part of testing of 
hypotheses. In this, problem we present certain situations 
before the students to test the movement of worms. The students 
were asked to test the present situation and suggest experiment 
for explaining their answers • 

The aim of the present problem is thus to know that 
how for a child can test the hypotheses and suggest experiment 
according to his own thinking process. 

In this context, this problem is aimed at investigating 


the following - 
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In the present study data were collected in 
respect of 120 pupils of grade VI to H and ranging in 
age from 11 + to 16 + on stating of hypotheses and testing 
of hypotheses in science along with achievement in 
Science, Mathematics and English. Means, Standard deviations 
Correlation, Analysis of variance and t-values were 
computed. Ihese statistics are presented, with their 
interpretation as follows - 
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TABLE NO .1 

GBADEWISE MEAN PERFORMANCE ON FOUR PROBLEMS 3N 
STATING HYPOTHESES 


S *No • Name of 


_Me aiL Performance_ 



Problem® 

VI 

VII 

VIII 

IX 

X XI 

1® The Flow of 
Liquid through 
a tube® 

3.8 

4.5 

8.1 

7.8 

6.2 

7.85 

2. Simple pendulum 

4.5 

4.6 

7*7 

8.0 

7-5 

8.1 

3# Ramp Problem 

3.1 

3.5 

7.0 

7.0 

6.4 

7*25 

4• Seed Problem 

5.0 

6.1 

7.2 

8.8 

6.7 

8*9 


TABLE NO<*2 








TESTING 

o 

►x] 

l 

i 

GO 




S.No* Name of 


Mean Performance 



Problem 

VI 

VII 

VIII 

IX 

X 

n 

1 B The Flow of liquid 
through a tube 3.35 

4.3 

5.0 

5.3 

5.2 

5.5 

2. Simple pendulum 

3.4 

4.3 

3.7 

4.9 

4.9 

5.3 

3. Ramp Problem 

3.5 

4.0 

3.1 

4.6 

4.6 

4.9 






AND FUNNY QUEST IQH S 


S«No a Name of Mean Performance 


Problem 

VI 

VII 

VIII 

IX 

X 

XE 

1® Digit Problem 
(using 2 -dig it 
at a time) 

8.6 

17.4 

15.5 

8.6 

18.5 

20.0 

2® Digit Problem 
(using 3-digit 
at a time) 

.60 

3.1 

4.7 

3.1 

6.4 

9 .2 ’ 

3® Digit Problem 
(using 4-digit 
at a time) 

6.2 

3.6 

4.0 

8.6 

5.2 

4.0 

4* Cycle Problem 

2.45 

2.72 

3.12 

3.91 

4.31 

7.52 

5 . Magic Seed 

10.3 

14.25 

19 .15 

18.15 

22.7 

23.65 

6« Worm Problem 

3.9 

0 

Ol 

4.2 

4.4 

5.0 

4.75 

7 . Inviting wrong 

3.1 

3.6 

3 .8 

3.0 

3.1 

1.8 


answers 
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TABLE NO .4 

GRADBI'JISE S.D* ON STATING.TESTING AMD SOMfl 
INTERESTING AND FUMY QUESTIONS 


S .No. Name of Problem 
(Stating of 
Hypotheses ) 



S »D .Values 




VI 

VII 

VIII 

IX 

X 

XI 

1 * Flow of liquid 

.62 

2.1 

.42 

2.5 

2.4 

.22 

2 . S ifflple pendulum 

2.1 

1.5 

.22 

.17 

1.2 

.13 

3. Ramp Problem 

.22 

.22 

.44 

.67 

.22 

.53 

4, Seed Problem 

.39 

.40 

.22 

.22 

.44 

1*7 

(Testing of 
Hypotheses ) 







5. Flow of liquid 

.22 

.13 

1.1 

.22 

.89 

.22 

6 « Simple pendulum 

1.3 

1.3 

.67 

.44 

.22 

.67 

7® Ramp Problem 2.2 

(Some interesting 
and funny questions) 

.44 

.67 

1*7 

1.1 

•44 

8 * Digit Problem 
(using 2-digit) 

1.52 

2.9 

2.5 

1.1 

3.2 

3.5 

9 • Digit Problem 
(using 3-digit) 

4.2 

3.3 

3.9 

3.5 

7.7 

8.3 

10 .Dig it Problem 
(using 4-digit) 

8.2 

6,7 

4.8 

3.3 

5.8 

2.1 

11. Cycle Problem 

1.78 

3.15 

•44 

1.56 

l.U 

2.13 

12. Magic Seed 

1.3 

1.1 

.67 

*67 

3.5 

5.8 

13. worm Problem 

•44 

1.34 

.89 

2.1 

.44 

.22 

14. Inviting wrong 
answers 

• 22 

•22 

•22 

.22 

• 22 

2.13 
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TABLE CTO«g 

PRESENT ATION OF CONSOLIDATED DATA OH SELECTED 
PROBLEM SHOWI NG CORRELATION AMONG THEM 


S ®No» Correlation 
between 

VI VII 

VIII 

IX 

X 

XI 

1 ® Stating of hypo¬ 
theses and 
achievement in 

S cience. 

+ .9 32 +<067 

+ £38 

+ .886 

+ .218 

+ .257 

2 . Testing of hypo™ 
theses and 
achievement in 
Science 

+ £ 6 + £ 57 

+ £82 

+ £67 

+ £08 

i 

+ .703 

3 • T est ing and 
Stating of 
Hypotheses. 

+ .994 +£90 

+ £38 

+ £47 

+ £27 

+ £41 

4. Digit Problem 
and achievement 
in Science. 

+ £20 +.884 

+ £08 

+ .884 

+ £75 

+ £29 

5 ® Magic Seed and 
achievement in 
Science * 

+ .915 +.976 

+ £37 

+ .893 

+ £45 

+ £27 


TABLE NO*6 





SHOWING CORRELATION VALUE BETWEEN TOP 




AND BOTTOM GROUP 




S .No. Correlation 

Schemes of Thought 




Value 

Stating of hypotheses 

Testing of hypothes 


1 * 


+ .353 


+ .375 






TABLE NO.7 


PRESENTATION OF CON SO LI DAT ED BAT A SHOEING t -vain as . 


s * No * C1 ass Stating of Testing of Digit Problem* 

hypotheses hypotheses 



t » 
Value 

S ignifi¬ 
cant 

t - 

Value 

Signifi¬ 

cant 

t - 
Value 

Signifi¬ 

cant 

1. VI- VII 

*^6 

Non- 
S ignifi¬ 
cant 

1.31 

Non¬ 

signifi¬ 

cant 

1*24 

Non- 

Signific 

i 

2. VII-VIII 

2£? 

Signifi¬ 
cant .05) 

3.83 

Signifi¬ 
cant .05) 

.171 

Non- 

Significa 

3. VIII-II 

«9 31 

Non- 
S ignifi¬ 
cant . 

4.85 

S ignifi¬ 
cant .05) 

.033 

Non- 

Signlfica 

4. IX-X 

1*716 

Signifi¬ 
cant .01) 

*067 

Non¬ 

significant 

.891 

Non- 

Significa 

5. X-XE 

2.55 

Signifi¬ 
cant ( .05) 

•9 29 

Non¬ 

significant 

•1/9 

Non- 

Significa 


at .01 level = 1*71 
at *05 level = 2*81 


TABLE HO*8 


PRESENTATION OF CONSOLIDATED DATA SHOWING. .F-JEflbifl 


s jy; as;;— mm TOg r^mw 

1. F-ratio 15*48 16*68 20*86 

2. Signifi- C Highly (Highly ( Highly 

cant Significant) Signifi-Signifi- 

__cant) -cant)- 


' IXC14 ) X( 15) HC16 

9.62 5.06 5.2 

(Sign!- (Signi- (Sign 
fie ant) f leant) fican 


* All are significant. 

at .05 level of significance = 2.© 

at .01 level of significance = 3.17 





H EmpRETATION OF TABLE I Jl Mn ITT 


Table I jll and III shows the gradewise Mean 
Performance on problems regarding stating of hypotheses. 

Testing of hypotheses and some interesting problems. The 
data on various problems shows an increasing trend, 
with grade and age, which is an expected finding according 
to the Pigetian context, 

Th 0 data on further analysis shows a slight 
fluctuation which is seen in grade VIII,IX and XI. This 
phenomenon occur perhaps due to the divergent and dispersed 
thinking of children at the adolescent a stage. Hump effect 
encountered incidentiy further shows this fluctuations. 
(Reference Chapter-VI). 

INTERPRETATION FROM TABLE IV 

Table IV shows the S.D.values, gradewise on stating 
°f hyptheses, testing of hypotheses and some interesting and 
funny questions. Table shows the heterogenous distribution of 
S.D.values. It decreases as the grade increases in most of the 
cases. In problem inviting wrong answers the S.D.value remains 
some for all the grades,which shows the homogeneous distribution 
of the S.D.values,.In the digit problem, the S.D.value increases 
with grade and similar to that of the Piagetian Theory. 
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INTERPRETATION OF TABLE V AND VT 

Table V presenting consolidated data on correlation 
between various variables including stating of hypotheses* 
Testing °f hypotheses, achievement in science, Magic seed 
problem, digit problem and between top and bottom group* 

The data shows the positive correlation between 
various variables » This means that all the variables are 
interdependent» T he child scores highest marks in stating 
of hypotheses as well as in testing of hypotheses. This 
is an expected finding* 

INTERPRETATION OF TABLE VI 

Table VI presents consolidated data showing 
t-values for stating at hypotheses and testing of hypotheses, 
a nd digit problem* To determine the t-value, mean differences 
for two classes computed as between VI-VII, VII-VIII, YIII-IX, 
IX-X, and X-XU 

The t-values found to be non-significant for the 
digit problem while on the other hand it was found to be 
significant at stating of hypotheses for classes VII-VIII, 
IX-X, and X-XI. 

On testing °f hypotheses t-values were found to be 
significant for the classes VII-VIII and VIII-IX while it was 
non-significant for the other classes* 
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INTERPRETATION QF TABLE VII 

Table VII presents the consolidated data on 
analysis of variance by computing the F-ratio. The F-ratio 
for each class was found to be significant, at *01 level 
and *05 level of significance. 

It is interesting to note that as the grade and age 
increases the F-ratio was found to be highly significant 
as data presented in class VI(ll), VII(12) and VIII(13) show. 

A while on the other hand the data presented for grade 
IX, X and XI, ranging age from 14 + to 16 + , the F-ratio is 
significant but not as much as shown by former three 
classes. This finding is according to piagetian context, 
showing that at the age of 10 + to 12 + the thought 
processes in the child is at its peak* 

EDUCATIONAL IMPLICATI ON - 

Although Piaget did lot of work during his life time 
on growth of experimental mind during various stages of 
childhood, adolescence and adulthood,he stressed less on the 
Educational Implication of his vast TOrk* He used to say 
frequently, "I am not interested in psychology,- education and 
Children 11 • According to him - 
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(l) Children learn through self-activity* 

Cii) Children learn from each other in group situations, 

(iii) Teachers are completely mistaken if they think that 
they can give an idea to their pupils and that pupils 
have completely mastered the concept, if they, give 
the right answer to the teachers question. 

(iv) Children can accommodate knowledge through thinking, 
actions of things, objects and ideas that they assimilate. 


so he emphasized education for understanding through 
exploration and invention of operation. Hence, it seems 
difficult to pinpoint the educational implications, Prof. 
Jean Piaget. A.s Piaget give much stressed on child- centred 
method and believe in learning by doing, the following are 
the two major implications of his geneous work as - 

1 • Children should be allowed abundently the processes 

rather than the products of thought. Use of materials 
and experiments can be very handy. Even they do not 
solve the problem because the concepts underlying 
proportion, are difficult to acquire. The stating 
of hypotheses and testing of hypotheses as propounded 
by Piaget is another example whioh ought to have been 
mastered within the pupils of the age groups selected 
in the study# 




2a The second application is very infrequently followed 
in our day to day classrooms. Children need training 
in handling their irradieideas. This is only possible 
through experimentation. It is through actions as 
well as thinking, through actions that the real icnowledge 
is born in the minds of individual children. 


In the Essential Piaget, Howard E.Gruber and J Jacques 
schematize the following four possible Educational approaches 
based upon the application of the Piagetian Ideas — 

1 # Tools - respect for the individual artisan. Abundance 

of semi-structured instructional and illustrative 
materials drawn from diverse fields of knowledge. 


2. Paris- Pleasures of discussion between equal partners. 

3. Athens- as reflected in the socratic method. 


Eldorado- as reflected in inquiry and discovery methods. 


The vision of his work, may it be a case of one sided 
interpretation, puts aside on the road several of the thinkers 
usually encountered in educational literature when it comes 
to the Education of the Head. In this context, what ought to 


be the main aim of education. To quota Piaget 

.. T he principal goal of education is to create men who 

are capable of doing nsw things, not simply repeating what 

other generations have don.men who are creations .inventors 

and discoverse. The second goal of education is to form minds 
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which can he critical, can verify, and do not accept everything 
they are offered. The great danger today is from slogans, collective 

[f 

opinions, ready made trends of thought. We have to be able be i 

1 

resist individually, to criticize, to distinguish between what is j 

proven and what is not. So we need pupils who are creative, | 

who learn early to find out by themselves, partly obey their own 

spontaneous activity and partly through material we set up 

for them, who learn early to tell what is verifiable and 

what is simply the first idea to coma to them"* '! 

In the process of interiorization of knowledge founded 

On action, Jean Piaget appears to have out off several joints 

in the area of cognition by giving each of them an epistemological 

context within the black box as visualized by the behaviourists 

between Stimulus and the Response for the benefit of carrying 

out the needed structural improvements in the teaching-learning 

process by the practising teachers who may now know how to act 

decisively when they know how the human mind reacts to concrete 

and abstract situations at the various levels of intellectual 

development implying thereby that more and more inputs in education 

may not lead to more and more astounding results for vice versa 

may even hold true in the Genevan context* So, in the name of 

modernization, if any country simply down grades the content, 

it is bound to generate allergies all around within its borders 

for the basic Piagetian essence process at the cost of Product 

is just missing in this scheme. In summary, spin off advantages, 

await round the corner if one cares to turn one 1 s gaze on the 

Genevan School so laboriously built imaginatively under the 
leadership of Professor Jean Piaget* 
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From this, according to A »Blan.chat and others ,emerges 
the finest educational principle meeting diverse individual 
differences of the growing youngsters i 

1 • Must Permit the Child to Establish Plans to Reach 

Distant Goals, While Leaving him 1T ide 0-pen Freedom 
to Follow His Own Routine. 

2« The gap betx\reen the learning in the classroom and 

outside of it is closed for parts of the hidden environment 
open up as naturally as Learning to Falk through the 
throe lines of Access to Knowledge,namely ,Ferceputal, 
Acting and Conceptual. 

3. The world need no longer pass by as usual for 
it is the business of the human mind to go on 
creating novelties, each more noveler than the other, 
for we do part icipate 1 -in the intellectual race trailed 
by Einstein,Freud,Chomsky and Piaget, to mention 
a few in this century* 

ADDITIONAL PROBLEM FOR FURTHER RESEARCH 

The work of Jean Piaget present several problems 
in the areas of Physios, Chemistry, Biology, Mathematics and 
Language development * *n his book on the 'Growth of Logioal 
Thinking* , he has also shown a research frontier yet to he 
invented. Before his death, he also hinted at the possibility 
of the existence of t he fifth stage of mental development. So 
the period empirically covered is about 2 deoads. The complex 
thinking shown by adults in different branches of knowledge is 
yet to be system-at ically attacked* 



If few studies so for conducted on intelligence, 
problem solving and creativity are excluded, there are many 
problems which needt heir solution in the due course of time. 

If the developing countries are taken into consideration, 
problems of formal and non-form a l Education in the piagatian 
context, then, these problems can be more fruitfully attacked. 

The same ideas can also be tried out on pupils belonging 
to the weaker sections of society, slim children, illeterate 
children and sheduled caste as well as schedule tribe children. 
Pupils of tribal areas can also be studied in the Piagetian 
context. These studies, if undertaken will definately throw light 
on the nature of intelligence. 

In the context of this study, the growth of experimental 
minds among different groups of adolescent pupils drawn from 
every possible strait of society can be tested in the Piagetian 
context, errors noticed and corresponding remedial possible 
undertaken at the most appropriate time. So this type of work 
provides emple of opportunities for developing the psychological 
structure of every school subject because the work of Piaget 
provides fruit full insite Into several areas °f knowledge as 
it develop among childrens. Other personality and enviornmenbal 
variables can be included. Such studies will bridge In the gap 
between qualitative investigation andthe quant it iat ive investigatj 
under taken anly in the psychometric context* 
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CHAPTER HI 


A DDITIONAL EV1IENCI 01 HPMP EFFECT 1C0UUTEKED 
INCID1NTLY 


IUTROBDCCION 

While studying thinking among adolescent pupils 
matched along intelligence and grade«ProfJf.Vaidya found 
that whereas general understanding increases with age, 
dominant errors that is shared hy more than 2$ of the 
pupils suffered, humps in several contexts. This phenomenon 
was followed up hy T»2.Sandhu also during the mastery of 
thought processes during adolescence in the case of 
unmatched groups of adolesoent pupils. They also searched 
for additional evidence in the relevant literature and 
came out with some data not interpreted earlier in that way 
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Later on, T.s.Sandhu in his doctoral work also encountered 
the same phenomenon whan it was not the object of direct 
investigation. E ven Prof .J .S .Bruner having similar data 
at hand, missed the phenomenon and called it the H Growth 
Errors 11 To quote J .S.Bruner - 

" Th Q t yps of error that you refer to, which we 
speak of as growth error, is one in which the growing child 
tries out a new strategy although it is not well developed 
and uses it in place of an older one which was been working 
well, it is errors of this sort which suggest to me the 
venturasomeness of learning during this early period, the 
human beings are willing to shift to a less certain and 
more powerful strategy, before they have it under control, 
in preference to one which is safe, sound and dull M * 

This phenomenon appears according to IfaidyajWhen 
the students are at the transitory stage of any two mental 
stages of development, particularly speaking, concrete and 
formal stage when the problem are administered individually 
to the pupils. This is a time consuming process, Using the 
Questionnaire approach, when the data were further looked 
into, the present investigator found the similar phenomenon# 

While stating the number of average hypotheses from grade 
to grade this phenomena has not appeared in the studies 
of Vaidya, Sandhu and others, as far as the knowledge of 
the Investigator goes# 


1 
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Errors committed on the Magi c seed problem* 

3* Errors committed while formulating questions on Cycle, 
whose answers the pupil did not know. 

4* While engaged in exhausting several combinations 
as fully as possible provided the resting points 
which are termed as errors (digit problem). 

I.LHJCTRAT ION OF THE PHENOMENON 

Selected data involving 11 Hump Effect " are now 
presented in respect of thought processes, as follows - 

TABLE- 1.1 


S .No, Name of Problem Mean Spores at different grades. 



VI 

VII 

VIII 

IX 

X 

XL 

1 . Flow of water 
through a tube. 

3 .3 

4.5 

8.1 

7.8 

6.2 

7.8 

2 . Simple pendulum 

4.5 

4.6 

7*7 

8.0 

7.5 

00 

« 

H 

3 » T he Ramp Problem 

3.1 

3.5 

7*0 

7.0 

6 .4 

7.2 

4. The Seed Problem 

5.0 

6.1 

7*2 

8.3 

6.7 

8.9 


consider now the graphical illustrations of the data 
presented above. gl 
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Hasp in stating hypotheses on Problem Ho.4 


MM ?(q.^2 


Silo. Mane of Problem Mean Scor es at different grades. 

^ VII VlTl Tx X-3 


Flow of water 
through a tube* 

3*3 

4.3 

5.0 

5.3 

5.2 

5.5 

Simple pendulum 
Problem 

3.4 

4 *3 

3.7 

4.9 

4.9 

5*3 

The Ramp PBablem 

3.5 

4.0 

3.1 

4.6 

4.6 

4.9 
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Now consider another set of graphical illustrations. 
Showing hump effect on Testing of Hypotheses* 





grades. 
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TABLE NO.l.fl 


S .No, Name of Problem 

Problem Mean Scores at 

different 

grades» 



XX UUlJJOl' 

VI 

VII 

VIII 

IX 

X 

XI 

1. Using 2-digit at 
time. 

a 

1(a) 

8.6 

17.4 

15.5 

8.6 

18.5 

20.0 

2. Using 3-digit at 
time. 

a 

1(b) 

.60 

3.1 

4.7 

3.1 

6 .4 

9 .2 

3. Using 4-digit at 
t ime. 

a 

K c) 

6.2 

3.6 

4.0 

8.6 

4.2 

4.0 

4. Inviting wrong 
answers 


3 

3.1 

3.6 

3.8 

3.0 

3.1 

1.8 

5. Magic Seed Problem 

4 10.3 

14.2 

39 .1 

18.1 

CO 

CO 

-Vl 

23.6 

6® Worm Movement 
Problem 


5 

3.9 

4,5 

4.2 

4.4 

5.0 

4.7 


Again we are considering another set of graphical 
illustrations s showing hump effect on different problems as 


listed above« 
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TABLE M~Qa 1 s 4 


S Jfo, Name of Problem 

Problem 

number 

Grade-wise 
committing 

average of 
erro rs» 

pupils 



VI VII 

VIII 

IX 

X 

XI 

1. Cycle Problem 

2 

*6 e9 

.4 

1.0 

.5 

.8 

2. Magic Seed 

Cresting points) 

4 

.6 1.8 

5 .5 

3.8 

3.5 

4 .4 


Now consider another set of graphical illustration 
showing hump effect on errors committed in above mentioned 
problems. 
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ADDITIONAL SUPPORT FROM LITERATURE 

The hump-effect encountered incidently in present 
study, supported by the related studies of piaget and Inhelder 
(1977), Lovell and Ogilivie (1977) and David BHand (39 77) 
but they missed referring to it in their studies. Recent 
studies by vaidya and Sa n dhu( 19 78) and Pa dimini M.S.(l981) 
further s ho us strong evidence of the same phonomonOn. 

Consolidated data in this context, presented in 
tabular as well as graphical from as follows - 

TABLE HOgl 

. Shewing iiosn Performance on Various Problems* 

( According to Padmini M *s. ) 

Name of Problem VI VII Nil IX X 


1« Stating of 21.8 

hypotheses. 

2 . Testing of 6.2 

hypotheses 

3. Combinatiorial S.4 

problem 

4 . Cy c le problem 5*7 

5. Resting Points in 

Combinatorial 11*3 

problem. 

6 • E rro r s comm it ing 1.7 
in cycle problem 


( According to T ,S 

.Sandhu) 


1® Digit Problem 2.67 

2.45 

5*35 5*40 

7*78 

2» Fo iftulat ing que st ions 
problem * 5»67 

9 .13 

7.40 9.65 

11.48 

3. Hypotheses testing «60 

*13 

.60 .00 

.87 


37 .8 

38-3 

33.5 

48.3 

10.7 

10.4 

14*3 

15.3 

35.6 

38.0 

34.6 

40.7 

6 .9 

8.7 

5.7 

12 *4 

7-9 

8.6 

.5 

5.5 

1.2 

0.8 

0.2 

0.5 
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CO NCLt.1 DIN G ST .AT EMT 

9n balanced It appears that there is either dip 
in performance or the errors increase and decrease with 
age before the individual concepts settled down finally* 

It is here that the mind of the individual lives in the 
world of possibilities where he may go on committing errors 
with a view to grasp the basic concept* 

At this stage it is not possible to provide any 
sensible explaination because for pin-pointing this 
phenomenon it is very-very necessary to know the complete 
past history of the individual subjects . If this is 
not done and the groups of pupils are not properly matched 
on as many as possible variables, this phenomenon may not 
appear to be clear* 


$ « » 
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CHAPTER* VII 


MARY AHD CfflCLtTSIOHS 


The work of Jean Piaget is receiving world wide attention 
A fundamental idea that underlies all of Piagets work and 
and consequently the key to understanding his theory ? is the 
concept of mental structure • Basically, mental structures 
are hypothesized 1 mental blue-prints 1 , that guide the 
organisms behaviour, in the course of intellectual development 
from infancy to childhood, these mental structure are 
constructed and re-constructed within the brain and this 
construction of mental structure is viewed by Piaget as the 
fundamental process in intellectual development* 

Piaget has described the intellectual development of 
children as a series of consecutive stages which, in turn, 
are dependent upon each other. In Piaget's terms, a stage is 
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identified not "by quantitative measurement but by qualitative 
charact erist ic s * 

To explain all these developmental stages from ch-ild 
hood to late adolescence, Piaget used the term 'Operation' • 
According to him- An operation is the essence of knowledge; 
it is an interiorized action which modifies the object of 
knowledge. It is always linked to other operations, and as 
a result it is always a part of a total structure. Piaget 
considers these operational structure as the basis of knowledge 
and distinguish four main stages of development, namely- 
sensory motor stage, Pre-operational state, Concrete Operational 
Stage and Formal Operational Stage. 

P ROBLEM RESTATED 

The problem was stated as * 

H GROWTH of EXPERIMENTAL MIND DURING ADOLESCENCE « 

PURPOSE OF THE STUDY 

The purpose of the study was to - 

(i) To see how processes of thinking take place in adolescent 
people on certain selected science concepts. 

(ii) To determine the Relationship between stating of 
hypotheses and achievement in science. 

(iii) To determine the Relationship between testing of 
hypotheses and achievement in science* 

Civ) To determine the relationship between stating of 
hypotheses and testing of hypotheses. 

(v) To explore the hump effect, if encountered incedently* 
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HYPOTHESES 

The present study proposes the following Hypotheses - 

(i) There is no significance relationship between the 
following variables - 

a) Total score of stating of hypotheses and achievement 
in science# 

b) Total score of testing of hypotheses and achievement 
in science. 

c) Total score of digit problem and achievement in science® 

d) Total score of magic seed problem and achievement 
in science® 

e) Total score of stating of hypotheses and testing 
of hypotheses® 

( ii) There is no significant relationship In the soores on 
the processes of thought all taken together, problem- 
wise and total individual probiemwise from grade to grade* 

C lii) There is no difference between the top group and 
bottom group on - 

a) Stating of hypotheses® 

b) Testing of hypotheses® 

JUSTIFICATION OF. T HE PROBLEM - 

The schemes of thought as propounded by Jean Piaget have 
been loosly worded. With the possible exception of the scheme of 
thoughts prepart Ion, very little work has been done in area 
on scheme of thought during adolescence. The same is true of 
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stating and testing hypotheses (proposition) these two variables 
were examined separately by N .vaidya i n his book- » The Growth 
of Logical Thinking in Science during Adolescence 11 » 

As usualj he also used only one problem namely, [*; 

a 

the flow of water through a glass tube. It had always been the 
concern of Prof.Piaget that a given scheme of thought should 
be studied in its maximal variation. So study was needed 
where the scheme of thought relative to the stating and 
testing of the hypotheses across the problem could be studied 
on the same sample and hence, justification of problem. 

41 

PLAN AND PROCEDURE - 

The sample for the prescne study constituted of 
120 pupils, twenty each from grade VI to XI of Demonstration 

Multipurpose SchooljAjmer. The age range of students ware 

*4" 4* 

from 11 to 16 • 

SELECTION OF TOOLS - 

The following tools were used which aimed at testing- 
(i) Stating of Hypotheses 

( ii) Testing of Hypotheses 

Ciii) Understanding of some interesting and funny questions. 

All the three are in the form of questionnaire. 

ADMINISTRATION AND SCORING OF THE THREE DIFFERENT QUESTIONNAIRES 
USED - 

The administration was done to the sample selected in their 
respective classes* The experiments on different problems were set' 
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and explained to the students by the investigator herself. 

The subjects were asked to observe the experiments and write 
down the different hypotheses on the problem presented. The 
time taken * 0 state the hypotheses ranged from 30 minutes 
to 45 minutes* 

Similarly second and third questionnaire were 
distributed and subjects were asked to test the hypotheses 
given in the problem* The time taken ranged from 30 minutes 
to 50 minutes* Scoring was done on stating of hypotheses 
by listed down all the hypotheses given by subjects. The 
number of hypotheses given by each pupil was also scored. 

The total number of wrong hypotheses for each problem were 
also recorded and then the co-efficient of fluctuations* 
Similar scoring was done on testing of hypotheses and some 
interesting problem questionnaire* 

RELATED PAST WORK - 

Very little work within the context of the study 
has been attempted so far. However, chronologically speaking, 
workers like Inhelder,B .and Piaget ,J.(1558) , Wheeler ,D»( 39 58) , 
Lovell,K.( 1961) , MealingS,R.(39 61) , Burner,J .S^oodnew and 
Austin (3362), Valdya,H .(3964), Farrell ,M .A .(39©) ,Ginsburg, 

M .and Qpper,S .(19©) ? Higgings^ .A .and Gaite,A.J JJ.C39 71) j 
Howe,A.(1974) , LawsonC3374) , Joyce,L.Z.(3977) ,Lius,L.canta and 
J .Dudley Herren,(39 78), Pandey,K.C .(19 73), Sandhu (19 79) > 
Vaidya(l980) , Padmini <3381) etc., have attacked this problem 
in its varying context. Their work when seen together shows 
the following patterns of finding - 
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( i) The concrete operational stage is quite dominant 
among normal adolescent pupils* 

( ii) Whereas the adolescent pupils are in a position 

to state hypotheses, they are not in a position 

to test them. At best they can test one variable 
or so inmost of the case. 

(iii) The attack on problem is seen to increase systematically 
with increasing grade as well as age* 

( iv) It is possible to identify concrete and formal 
operational pupils through cluster analysis. 

(v) The study of physics need more formal thought 
then Chemistry apd biology. 

(vi) Mental age and grade are the two important factors 
then chronological age in concept development. 

(vii) There appears to be significant relationship between 
scores on formal operational thought on the one hand 
and achievement as well as creativity on the other* 

MAIN FINDINGS - These indicated : 

(i) The mean performance on stating of hypotheses, 

Testing of hypotheses and som® interesting and funny 
question shows a strong increasing trend with grade. 

(ii) Interest of child in solving problems increases with 
grade .This shows capacity of grasping the problem 
also increases with age and grade. 

(iii) There is a dip in means, within "the over all growth 

in some of the grades in stating the hypotheses, testing 
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of hypotheses and some interesting questions. Hump-offset 

is hinted at * 

Civ) There i s significant correlation between total Piagetian 
tasks and the achievement in science at .01 level of 
significance. 

(v) There is either dip in performance °r the errors 
increase and decrease with age before the individual 
concepts settled down finally* 

(vi) The questions intentionally inviting wrong answars 
were attracted a large number of errors, again there 
are possibilities of hump effect. 

Cvii) Sometimes, it appears that adolescent pupil influenced 
by the content rather than the form of the problem. 

It is commonly appeared in the pupils studying 
in lowwr grades* 

(viii) On worm problem, 24$, 30$, 42$ > 42$, I'S pupils from 
grade VII to XI respectively suggest experiment fbr 
their explanation to the solution of the problem* This 
finding shows that not a single people from grade VI 
was able to suggest experiment. However in grade XI 
6C$ of pupils were in a position to suggest additional 
experiment and 4C$ of the same grade were not in position 
to suggest experiment. 
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( ix) On combinatorial 5 Magic seed problem, the pupils 
give more than 7 ^ °f combinations were found 
to be 5, 12, 15, 16, 20, 20 respectively from grade 
VI to XI. Similarly in digit problem » pupils 
give more than 75 $ of the combination, their score 
ranged from 7 ? 16, 13, 7 ? to IS and 20 respectively# 
which shows that pupils of class VI were not in 
a position to exhaust all possibilities* 

(x) Hump effect is suspected strongly on the variable of 
stating of hypotheses, earlier missed by Sandhu 
and V a idya« 

ADDITIONAL PROBLEM FOR FURTHER RESEAR CH - 

Additional problems for research as well as the various 
educational implication arising out of the studies have been 
pointed out within the text of this thesis. 

DELIMITATIONS 

The sample drawn was from °ne local city school 
having english medium and of average soci-economic group* 


* •« • 
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3, Is any other experiment necessary 1 If yes, suggest the experiment with diagram. 



Now, answer the following questions (Just tick-mark, whichever alternative i. c., Yes/a bit/No 
applicable to you) 


S. No 

Questions 

Yes 

a bit 

No 

1. 

Have you done a problem of this type before ? 




2. 

Did you find the problem difficult to solve ? 




3, 

Did you find the problem interesting ? 
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p - Pupil , j . 

Achievement in English. 

Achievement in Maths • 

Achievement in Science 

Scores on stating of hypotheses. 
Scores on testing of hypotheses. 
Scores on digit problem 
Scopes on cycle problem* 

Soores on inviting wrong answers. 
Scores on magic seed problem. 
Spores on wt>im problem. 






